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Abstract. A new copper indium diselenide (CI S ) array installed at the National Renewable Energy Laboratory (NREL) shows a marked improvement over the previous generation in terms of power output and efficiency. The new arr ay is part of NREL's technical validation, started in 1992, of small (1-2 kW ) thin-film systems. The purpose of this testing is to evaluate the performance and reliability of thin-film modules in a system application. The first arra y had a rated power at 969 Wand an average efficiency of7.2%
at standard test conditions (STC ) . The second array is rated at 1008 W , and the average efficiency is 9.0% at STC . The data in this paper shows that the new CI S modules have improved by about 37% in relative efficiency under actual operating conditions. The new
array's results demonstrate that Siemens Solar I ndustries has made significant improvements in the performance of their large-area CI S modules.
INTRODUCTION
A new copper indium diselenide (CIS) arra y from Siemens Solar Industries which was installed June 1997 at the National Renewable Energy Laboratory (NREL) and has ·shown a marked improvement over the previous generation in terms of power output and efficiency. The new arr ay is part of NREL's technical validation, started in 1992, of small (1 -2 kW) thin-film systems. The purpose of this testing is to evaluate the performance and reliability of thin-film modules in a system application. 
SYSTEM BACKGROUND

SYSTEM CONFIGURATION
Each array is divided into three separate subarr ays. Each subarr ay is connected to an individual peak-power tracker. The outputs of the three peak-power trackers are tied to a common 0.95-ohm, 2-k W fixed resistive load.
The arr ays are configured with a Campbell Scientific data acquisition system (DAS).
The DAS collects data every 5 san d saves 15-min averages. The data taken on the arr ays include: plane-of-arr ay irradiance, de voltage (max), de current (max), array temperature, and air temperature. The de power of the arr ay is determined from multiplying the de voltage and current.
SYSTEM PERFORMANCE
For the following graphs, the data were restricted to irr adiance levels between 950-1050 W/m 2 . Figure 1 shows the efficiency, arr ay temperature, and air temperature of Array #1 for the period April 1994 to May 1997. This graph shows a large fluctuation in arr ay efficiency over the seasons, which is because of the large effect that temperature has on module performance. The efficiency ranges between 4.8% during the summer and 6.8% during the winter. The arr ay has an average efficiency of 5.7%. The arr ay shows a 30% fluctuation from the peak in winter to the low in summer. Figure 2 . Arr ay #1 normalized DC power, arr ay temperature, and air temperature.
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: Figure 3 . Arr ay #2 efficiency, arr ay temperature, and air temperature. Figure 3 describe the performance of the new CIS arr ay (Array #2). Figure 3 shows the arr ay efficiency, arr ay temperature, and air temperature for the period June 1997
to August 1998. The arr ay efficiency varies from a high of 9.0% to a low of 6.6% and has an average of 7.8%. The arr ay shows a 26% fluctuation from the peak in winter to the low in summ er. Figure 4 shows the normalized de power, arr ay temperature, and air temperature for Array #2. The data are normalized to 1000 W/m 2 . The power of the arr ay va ries from 1 01 0 to 7 40 watts. The average power output was 870 watts, the average arr ay operating temperature was 52.3 °C, and the average air temperature was 20.5 °C over the time period. Table 1 gives a summ ary of each array's performance at STC and under actual operating conditions. The STC data are based on individual module data taken indoors under a simulator. The outdoor data were taken in a system configuration and includes losses for wiring and peak-power-tracking accuracy. The average module power at STC has also been improved from 28.5 W to 36 W. The results also show that the new CIS modules have improved by about 37% in relative efficiency under operating conditions. The new CIS module results demonstrate that Siemens Solar thin-film technology has made significant improvements in the performance of its large-area modules. 
CONCLUSIONS
